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DESCRIPTION 



GLASS PARTICLE DEPOSITED B(^Y MANUFACTURING METHOD 



<Technical Field> 

The present invention relates to a glass particle 
deposited body manufacturing method for manufacturing a glass 
particle deposited body, including radially depositing glass 
particles on a starting rod while reciprocating relatively the 
starting rod and the glass particle synthesizing burners. More 
particularly, this invention relates to a glass particle 
deposited body manufacturing method for manufacturing a glass 
particle deposited body in which the taper portions formed on 
an upper portion and a lower portion of the glass particle 
deposited body are smaller. 



<Related Art> 

Referring to Fig. 7, a method for manufacturing a large 
porous glass soot body at high speed will be described below. 
Aplurality of glass particle synthesizingburners 7 are disposed 
at a fixed interval to be opposed to a starting rod 1 within 
a container 4. While the rotating starting rod 1 and a row of 
burners 7 are relatively reciprocated, glass particles are 
deposited like layers on the surface of the starting rod 1 to 
produce a glass particle deposited body 6 . Undeposited glass 
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particles and heat are exhausted out of the container 4 . In 
an example of Fig. 1, the starting rod 1 is reciprocated 
vertically. The glass particle deposited body 6 is used for 
the optical fiber, with the taper portions 8 formed on the upper 
and lower sides. Further, the glass particle deposited body 
6 is divided into an effective portion b that is used to produce 
the optical fiber by drawing the parent material and an 
ineffective portion a that is the defective unit. 

In such method for manufacturing the glass particle 
deposited body, from the viewpoint of quality improvement, it 
is desired that there is less variation in the outer diameter 
of the glass particle deposited body over the longitudinal 
direction. From the viewpoint of productivity, the length of 
the taper portion formed at the end portion of the glass particle 
deposited body is desirably as short as possible. 

As an example of reducing the variation in the outer 
diameter, there is a method for moving the start position of 
reciprocating movement every time of the reciprocating movement, 
in which the movement distance for one way of the reciprocating 
movement is made an amount of the burner interval . In this method, 
after the start position of the reciprocating movement is moved 
to a predetermined position, it is moved in the reverse direction 
and returned to the original position. Since a turn-back point 
of the reciprocating movement has a substantially longer 
deposition time, the turn-back points are distributed over the 
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entire glass particle deposited body. A method for reducing 
variations in the outer diameter has been offered in which the 
deposition amount of glass particles is equalized over the 
longitudinal direction of the glass particle deposited body 
by making the deposition time of glass particles or the 
application time of burner flame to the glass particle deposited 
body consistent on average at each position of the glass particle 
deposited body (refer to patent document 1) . 

Another method for reducing variations in the outer 
diameter includes measuring the variation in the outer diameter 
over the whole of the glass particle deposited body, employing 
a CCD camera that can monitor the entire area of the glass particle 
depositedbody and a central information processing unit, based 
on the method as disclosed in patent doc\ament 1 . In this method, 
the portion having less deposition amount of glass particles 
is supplemented by deppsiting the glass particles, employing 
an auxiliary burner that can traverse the entire area of the 
glass particle deposited body singly, to reduce the variation 
in the outer diameter (refer to patent document 2) . 

Further, there is a method for reducing the temperature 
gradient in deposition in the longitudinal direction of the 
glass particle deposited body, including supplying a clean air 
over the entire area of the glass particle deposited body in 
depositing the glass particles while moving the start position 
of traverse (refer to patent document 3) . 
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Moreover, there is a tciethod for moving the turn-back 
location of reciprocating movement smoothly in which the row 
of burners installed on a first movement axis are reciprocated, 
and the first movement axis is placed on a second movement axis. 
This method involving moving the turn-back location has been 
proposed in which the reciprocating movement of each movement 
axis is a simple reciprocating movement with a fixed interval, 
and each movement axis has a different reciprocation distance 
or reciprocating movement speed, or both the different distance 
and speed (refer to patent document 4 and patent document 5) . 

[Patent document 1] 

JP-A-3-228845 
[Patent document 2] 

JP-A-10-'158025 
[Patent document 3] 

JP-A-4-260618 
[Patent docxaraent 4] 

JP-A-2001-19441 
[Patent document 5] 

JP-A-2001^31431 

In the case of the method for moving the turn-back location 
of traverse as disclosed in patent document 1, the relative 
position between the starting rod and the burners, and the number 
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Of deposited layers, are illustrated in Fig. 8. The deposition 
shape of glass particles deposited by the burners located at 
both ends of the glass particle deposited body is tapered (the 
number of deposited layers is smaller at the farther end 
portion) . 

Fig. 8 shows a portion of an outside burner 2 located 
most outwards and a second burner 3 in the row of burners, in 
which an outside burner on the opposite side and its inside 
burner are in the same situation. The numerical value on the 
right side indicates the nvLinber of deposited layers of glass 
particles formed on the starting rod 1 through a series of 
reciprocating movements (on© set of reciprocating movements) 
until the turn-bac)clocation is returned to the initial position. 
In an example of Fig. 8, the turn-back location is reciprocated 
ten times during one set of reciprocating movements, in which 
the number of deposited layers is twenty layers at maximum. 
Since a lower portion under the twenty layers in Fig. 8 is 
deposited by the third and subsequent burners, twenty layers 
are kept except for a lower end portion. Principally, the number 
of deposited layers is smaller only in a portion where glass 
particles are deposited by the burner at the end. However, in 
practice, since glass particles are deposited in tapered shape 
at the end portion of the glass particle deposited body, the 
glass particles by the second burner from the end flow outwards 
to cause most of the glass particles to be deposited in tapered 
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shape^ resulting in an increased taper portion that is the 
ineffective portion. With the methods of patent documents 2 
and 3 employing the same reciprocating movement methods < the 
taper portion of the same shape is formed. 

Further, the time of finishing the glass particle 
deposition process optimally takes place at the moment when 
the number of deposited layers in the stationary portion becomes 
uniform. However, if the turn-back location is densely dispersed, 
the number of layers is increased by the time when the number 
of deposited layers becomes uniform, whereby it is difficult 
to adjust the deposition amount of glass particles. Therefore, 
in the patent document 1, it was disclosed that the dispersion 
interval of the turn-back location is increased, when the 
deposition amount comes closer to a target amount, to adjust 
the deposition amount of glass particles. However, this method 
may degrade an outer diameter stabilizing effect with the 
dispersion of the turn-back location. 

In the methods of patent doc\aments 4 and 5 that are 
different in the deposition form of glass particles from the 
methods of patent documents 1 to 3, the burners are moved along 
two movement axes, resulting in a complex control system. The 
number of deposited layers in the stationary portion is varied 
depending on differences in the movement distance and the moving 
speed between two movement axes, but the number of deposited 
layers does not become uniform, so that a portion having a 
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different number, of deposited layers appears alternately, or 
additionally another portion having a further different number 
of deposited layers appears. With this method, for example, 
if the movement distances of the first and second movement axes 
are integral multiples of the burner interval, the portion having 
different number of deposited layers appears alternately, 
whereby if the alternate appearing interval is made smaller, 
the outside diameter is stabilized. However, with this method, 
the ineffective portion having a length of integral multiple 
of the burner interval is formed at either end portion of the 
glass particle deposited body. 

One method for solving an increase in the taper portion 
involves narrowing the burner interval, and increasing the 
number of burners correspondingly, in this manner, the 
deposition interval of glass particles by the outside burner 
and the second burner is smaller, making it possible to reduce 
the taper portion. However, if the burner interval is smaller, 
it is required to increase the number of burners to produce 
the glass particle deposited body having the effective portion 
of the same length. Therefore, a gas supply system is augmented, 
whereby the installation cost is increased. 

Moreover, if the burner flames interfere with each other, 
the deposition efficiency of each burner becomes unstable to 
cause variations in the outer diameter. Therefore, there is 
a limitation in shortening the burner interval, and no drastic 
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effect of reducing the taper portion is expected. 

It is an ob j ect of the invention to provide a glass particle 
deposited body manufacturing method for manufacturing a glass 
particle deposited body in which the taper portion formed at 
the end portion is reduced without increasing the number of 
burners . 

<Disclosure of the Invention> 

The present invention provides a glass particle deposited 
body manufacturing method for manufacturing a glass particle 
deposited body, in which a plurality of glass particle 
synthesizing burners are arranged to be opposed to a rotating 
starting rod, characterized in that the starting rod and the 
glass particle synthesizing burners are relatively 
reciprocated to move a turn-back location of reciprocating 
movement in a certain direction, and then move the turn-back 
location of reciprocating movement in the reverse direction 
if the turn-back location is moved to a predetermined position, 
until each burner is returned to an initial position, which 
operation is defined as one set of operation, with an average 
reciprocating movement distance of the one set being less than 
double a burner-to-burner interval, whereby the glass particles 
are deposited on the starting rod by repeating the one set of 
operation. 

In the glass particle deposited body manufacturing method 
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according to the invention, it is desirable that the movement 
distance of the turn-back location of reciprocating movement 
each time is an almost equal interval. 

Further, in the glass particle deposited body 
manuf acturingmethod according to the invention, it is desirable 
that one set of operation is defined as the operation in which 
when the turn-back location of reciprocating movement is moved 
to a predetermined position, each burner is returned to an 
initial position in the next movement - 

Further, in the glass particle deposited body 
manuf acturingmethod according to the invention, it is desirable 
that one set of operation is defined as the operation in which 
each burner is moved to a predetermined position and turned 
back in the first movement, and then the turn-back location 
of reciprocating movement is moved in the direction to the 
initial position of each burner, until each burner is returned 
to the initial position. 

Further, in the glass particle deposited body 
manuf acturingmethod according to the invention, it is desirable 
that the movement distance of the turn-back location of 
reciprocating movement is changed in the one set of operation. 

Further, in the glass particle deposited body 
manuf acturingmethod according to the invention, it is desirable 
that the turn-back location of reciprocating movement has a 
movement range of about n (n is an integer from 1 to 3) times 
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the burner interval. 

Further, in the glass particle deposited body 
manufacturing method according to the invention, it is desirable 
that the turn-back location of reciprocating movement has a 
movement range of about n (n is an integer from 1 to 3) times 
the burner interval shorter by the minimxam movement distance 
of the turn-back location in the one set of operation. 

Further, in the glass particle deposited body 
manufacturing method according to the invention, it is desirable 
that the average movement distance of the turn-back location 
of reciprocating movement each time in one set of operation 
is about one- (m+l)th (mis a natural number) the burner interval . 

Further, in the glass particle deposited body 
manufacturing method according to the invention, it is desirable 
that assuming that the average movement distance of the turn-back 
location of reciprocating movement each time in one set of 
operation is Amm, and the average reciprocating movement 
distance in one set of operation is Dmro, A falls within a range 
from 5 to 60mm, and D falls within a range 4xa^d<240. 

Further, in the glass particle deposited body 
manuf acturingmethod according to the invention, it is desirable 
that the glass particle deposition end time is set at the time 
when the number of deposited layers on a stationary portion 
is almost uniform in the reciprocating movement. 

Further, in the glass particle deposited body 
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manufacturing method according to the invention, it is desirable 
that the reciprocating movement speed at which a target 
deposition amount of glass particles is achieved at the glass 
particle deposition end time is decided from the relationship 
between the reciprocating movement speed and the weight of glass 
particles deposited by the glass particle deposition end time, 
whereby the target deposition amount is achieved at the glass 
particle deposition end time by depositing glass particles at 
the decided speed. 

Further, it is desirable that a glass parent material 
is manufactured by producing the glass particle deposited body 
by the glass particle deposited body manufacturing method, and 
heating and vitrifying the produced glass particle deposited 
body. 

The present inventors have made various examinations for 
the reciprocating movement method to make the length of the 
taper portion as short as possible, and found that if the average 
reciprocating movement distance in one set of operation is less 
than double the burner interval, the glass particle deposited 
body having less taper portion is manufactured efficiently. 
It is desirable that assuming that the movement distance of 
the turn-back location of reciprocating movement is Amm, and 
the average reciprocating movement distance in one set of 
operation is Dmm, A falls within a range from 5 to 60mm, and 
D falls within a range 4xASD<240. 
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Herein, the average reciprocating movement distance in 
one set means the average distance of reciprocating movement 
in which the total movement distance in one set is divided by 
the niomber of reciprocations in one set. 

Further/ the turn-back location of reciprocatingmovement 

means the location at which the starting rod is turned back 

from the outward path (where the burner is relatively moved 

in the direction away from the initial position) to the homeward 

path (where the burner is relatively moved in the direction 
* 

to the initial position) . 

<Brief Description of the Drawings> 

Fig. 1 is an explanatory view showing one example of a 
situation in which the starting rod and the burners are 
relatively moved in a method of this invention. 

Fig. 2 is an explanatory view showing another example 
of a situation in which the starting rod and the burners are 
relatively moved in the method of this invention: 

Fig. 3 is an explanatory view showing another example 
of a situation in which the starting rod and the burners are 
relatively moved in the method of this invention. 

Fig. 4 is an explanatory view showing another example 
of a situation in which the starting rod and the burners are 
relatively moved in the method of this invention. 

Fig. 5 is a graph showing the relationship between the 
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average reciprocating movement distance and the ineffective 
portion length in an example 3. 

Fig, 6 is a graph showing the relationship between the 
average reciprocating movement distance and the ineffective 
portion length in an example 4. 

Fig. 7 is an explanatory view showing the outline of 
manufacturing a glass particle deposited body by depositing 
glass particles - 

Fig. 8 is an explanatory view showing one example of a 
situation in which the starting rod and the burners are 
relatively moved in the conventional method. 

In the drawings, reference numeral 1 denotes a starting 
rod, 2 denotes an outside burner, 3 denotes a second burner, 
4 denotes a container, 5 denotes an exhaust port, 6 denotes 
a glass particle deposited body, 7 denotes the burners, 8 denotes 
a taper portion, a denotes an ineffective portion, and b denotes 
an effective portion. 

<Best Mode for Carrying Out the Invention> 

The basic reciprocating movement in the methods of the 
present invention has any one of the following movement forms 
1 to 4. The first movement form is that the movement distance 
of a turn-back location of reciprocating movement each time 
is almost equal. The second movement form is that one set of 
operation is defined as the operation in which when the turn-back 
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location of reciprocating movement is moved to a predetermined 
position by repeating the reciprocating movement, each burner 
is returned to the initial position in the next movement. The 
third movement form is that one set of operation is defined 
as the operation in which each burner is moved to a predetemined 
position in the first movement and turned back, and subsequently 
the turn-back location of reciprocating movement is moved in 
the direction to the initial position of each burner, until 
each burner is returned to the initial position. Further, the 
fourth movement form is that the movement distance of the 
turn-back location of reciprocating movement is changed in one 
set of operation. 

In the first movement form, the number of deposited layers 
in a stationary portion becomes almost uniform in the 
longitudinal direction at two points of time when the turn-back 
location is moved to the predetermined position and when each 
burner is returned to the initial position in one set of 
operation. 

In an optimal embodiment of the first movement form, 
assuming that the movement distance of the turn-back location 
each time is A (mm), the reciprocating movement is defined as 
the outward path 2xA and the homeward path A. And the movement 
of the turn-back location is repeated in the same direction, 
and when the turn-back location is moved beyond the burner 
interval, the outwardpathof the reciprocatingmovement remains 
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2xA, but the homeward path alone is made 3xa. Then, the turn-back 
location is moved in the reverse direction to return to the 
first position. This series of reciprocating movement is defined 
as one set of operation. Thereby, the glass particles are 
deposited by repeating one set of operation. Thus, the average 
distance for one way of the reciprocating movement is 2xA, and 
the movement distance of the turn-back location each time is 
Amm. In this manner, the length of the portion having less number 
of deposited layers only exists by each 2xA at either end of 
the glass particle deposited body, so that the taper is shortest . 
This principally shortest taper length is called a principal 
taper length. In this case, the principal taper length is 2xA.. 
In reality, however, since glass particles flow along the taper 
shape, the taper shape is larger than 2xA. If the outward path 
is 3xA and the homeward path is 2xA, and after the turn-back 
location is moved by the burner interval, the outward path is 
3xA and the homeward path is 4xA (average distance for one way 
of the reciprocating movement is 3xA) , the portion having less 
number of deposited layers is 3xA each at either end of the 
glass particle deposited body (principal taper length is 3xA) . 
However, if the principal taper length is smaller than about 
120mm, the glass particles flow along the taper slope, so that 
the deposition efficiency is predominantly worse, whereby the 
actual taper length is hardly changed when the principal taper 
length is 2A or 3A. 
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However, if the average distance for one way of the 
reciprocating movement is increased such as 4xA, 5xA, . . . , the 
principal taper length is also increased such as 4xA, 5xA, . . . 
In practice, if the length of the portion having less number 
of deposited layers is increased and the principal taper length 
is longer to some extent, the taper length begins to be longer, 
without regard to the influence of the glass particles flowing 
along the taper portion. Assuming that the movement distance 
of the turn-back location is jftinm, and the coefficient indicating 
the average distance for one way of the reciprocating movement 
is B, (B+l)xA=Cmm (B=l, 2, 3...) is defined, whereby C exists 
at which the taper length begins to remarkably increase. 

Though c is more or less changed depending on the shape 
of burner, if C is at least within about 120mm, the taper length 
is kept f rombeing greatly longer . Adesirable range is 5mm^60mm 
to suppress variations in the outer diameter at the turn-back 
location, and an optimal range is 2xA<(B+l) xA^i20. Herein, the 
lowerlimitaxAistheprincipal lower limit. Further, to suppress 
variations in the outer diameter, a more preferable A is S^A^40 . 
The average distance D of the reciprocating movement is 
D=2x(B+l)xAmm (B=l, 2,...), which leads to {B+l)xA=D^2. 
Substituting it for the desirable range 2xA^ (B+1) xA^120, this 
inequality is rearranged for the average distance of the 
reciprocating movement, so that 4xA^D^240. 

In an optimal embodiment of the second movement form, 
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the reciprocating movement is defined as the outward path 2xA 
and the homeward path A. And the movement of the turn-back 
location is repeated in the same direction, and if the turn-back 
location is moved to a position far from the initial position 
of the reciprocating movement by a distance of the burner 
interval plus Amm, the distance of the homeward path of the 
reciprocating movement is defined as the burner interval plus 
Amm, and the burner returns to the initial position. This series 
of reciprocating movement is defined as one set of operation. 
And the glass particles are deposited by repeating this set 
of operation. The average distance for one way of the 
reciprocating movement is 2xA, and the movement distance of 
the turn-back location each time is Amm until the turn-back 
location is moved to the position Amm farther away from the 
burner interval. 

In an optimal embodiment of the third movement form,, the 
turn-back location is moved to the position Amm farther away 
from the burner interval in the first movement. Thereafter, 
the reciprocating movement is defined as the homeward path 2xA 
and the outward path A, the movement distance of the turn-back 
location each time is made Amm. And the turn-back location is 
moved to the initial position by repeating the reciprocating 
movement. This series of reciprocating movements is defined 
as one set of operation. And the glass particles are deposited 
by repeating this set of operation. The average distance for 
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one way of the reciprocating movement is 2xA. 

Further, in an optimal embodiment of the fourth movement 
form, the movement distance of the turn-back location each time 
is Amm as the basic reciprocating movement, but exceptionally, 
the movement distance of the turn-back location in one set of 
operation each time is longer than A. The outward path is 2xA 
and the homeward path is A, and after the turn-back location 
is moved to the position Amm shorter from the burner interval, 
the outward path is A and the homeward path is 2>cA, whereby 
the movement distance of the turn-back location each time is 
basically Amm. However, the movement with the outward path 4xA 
and the homeward path 4xA are randomly involved. The average 
distance for one way of the reciprocating movement is 2xA. 

In the second to fourth embodiments, the length of the 
portion having less number of deposited layers only exists A 
each at either end of the glass particle deposited body 
(principal taper lengthA) , whereby the taper length is shortest . 
However, in reality, the taper shape is larger than A. As in 
the first embodiment, when the principal taper length is as 
short as 2A or 3A, the actual taper length is scarcely changed. 

Further, when the coefficient indicating the average 
movement distance for one way of the reciprocating movement 
isB, (B+l)xA=Cmm {B=l, 2, 3...) is defined, whereby C exists 
in which the taper length begins to remarkably increase. 

As in the first movement form, c is desirably within about 
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120nuii/ and in consideration of 5<A<60tnm for stabilization of 
the outer diameter, a desirable range of the average distance 
D in the reciprocating movement is 4xA:SD^240/ which is derived 
in the same manner as the first pattern. 

In the inventions of the patent documents 1 to 5, the 
reciprocating movement distance (one way) has a lower limit 
of the rough burner interval. This indicates that a multilayer 
deposition method is stuck on an idea that one glass layer must 
be formed over the entire range of the effective portion every 
time of the reciprocating movement for the one glass layer. 
However, this invention is based on a converted idea that one 
glass layer may not be formed over the entire range of the 
effective portion every time of the reciprocating movement for 
the one glass layer, but it is only necessary that the deposition 
thickness is made uniform before a difference in the deposition 
thickness is remarkable. In one set of operation of moving the 
turn-back location, a glass particle deposited layer having 
uniform thickness is formed at least once or more times. The 
effect of the difference in the ideas makes it possible to greatly 
reduce the ineffective portion (tapered portion) that is 
possibly difficult to reduce and has not been disclosed in the 
invention. 

In the method of this invention, the turn-back location 
of reciprocating movement is moved stepwise in a range from 
the nearest position to the initial burner position to the 
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farthest position (predetermined position) from the initial 
burner position for every reciprocating movement. To make the 
stationary portion (effective portion) smoother, a 
predetermined distance by which this turn-back location is moved 
(the distance between the turn-back location nearest to the 
initial burner position and the turn-back location farthest 
away from the initial burner position) is about n (n is an integer 
from 1 to 3) times the burner interval in the first movement 
form. In the second to fourth movement forms, the predetermined 
distance is preferably about n (n is an integer from 1 to 3) 
times the burner interval shorter by the minimum movement 
distance in one set. The predetermined distance is preferred 
especially when n is 1, because the length of the ineffective 
portion is shortest, and the deposition efficiency is excellent . 
Like the second or third movement form, in a pattern in which 
the burner is moved between the initial position and the farthest 
position by one time of operation, the turn-back location is 
heated by one burner and then heated by the adjacent burner 
in a shorter time, in this case, there is the possibility that 
the temperature of the heated portion rises, and the bulk density 
is greater. However, there is less influence when n is 2 or 
3 than when n is 1, bringing about the effect that the smoothness 
is improved. 

As with the conventional technique, if n is increased, 
the smoothness of the effective portion is improved, but the 
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length of the ineffective portion is longer and the deposition 
efficiency is degraded. However, in this invention, even if 
the smoothness is kept equivalently to the conventional 
technique by selecting the same integral multiple as in the 
conventional technique, the length of the ineffective portion 
is shorter by the rough burner interval than in the conventional 
technique, and the. deterioration of the deposition efficiency 
is small. 

In the conventional technique in which the average 
reciprocating movement distance is double the burner interval, 
when the predetermined distance by which the turn-back location 
is moved is n times the burner interval, the length of the 
ineffective portion is n times the burner interval. In this 
invention in which the average reciprocating movement distance 
is less than double the burner interval, the length of the 
ineffective portion is smaller than the burner interval when 
n is equal to 1. When n is equal to 2 or 3, the length of the 
ineffective portion is slightly larger than the rough burner 
interval or double the burner interval, and shorter than n times 
the burner interval in the conventional technique. It is 
preferable that n is 2 or less. When n is equal to 2, the length 
of the ineffective portion is as much as about the burner interval, 
while the smoothness is kept as excellent as double in the 
conventional technique. Moreover, most preferably, when n is 
equal to 1, the length of the ineffective portion is shorter 
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than or equal to the burner interval, in which the shortest 
ineffective portion is ma.de, though it was not realized by the 
conventional technique. 

Fig. 1 shows one example of a situation where the relative 
position between the starting rod and the burner is changed 
with the elapse of time in the first movement form. To facilitate 
a comparison with Fig. 8 showing an example of the conventional 
technique. Fig. 1 shows a portion of the outside burner located 
most outwards in the row of burners and the second burner 3, 
in which the burner interval is divided into five partitions 
(the outside burner on the opposite side and its inner burner 
are in the same situation) . The numerical value on the right 
side in Fig, 1 indicates the niomber of deposited layers of glass 
particles formed on the starting rod 1 through a series of 
reciprocating movements (one set of reciprocating movements) 
until the turn-back location is returned to the start position. 

In the example of Fig. i, the turn-back location is moved 
by two partitions in one direction, then returned by one 
partition in the former half part of one set of reciprocating 
movements, and moved by two partitions in one direction, then 
returned by three partitions in the latter half part, so that 
the turn-back location is returned to the initial relative 
position. In this case, the number of deposited layers is 2, 
6, 8, 8, 8 ... as indicated on the right side of Fig. 1, and 
the portion having less number of deposited layers in the 
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effective portion takes place in only two partitions within 
the burner interval at the end portion of the parent material 
for the glass particle deposited body. 

In the case of this turn-back method, to further enhance 
the effect of dispersing the turn-back locations, even if the 
nuiaber of partitions within the burner interval is increased, 
the portion having less number of deposited layers only exists 
in two partitions located at the end portion of the parent 
material. 

Namely, if the number of partitions increases, the length 
of the portion having less number of deposited layers becomes 
shorter. 

For example/ for a burner interval of 200mm, the turn-back 
location is moved by every 4 Omm, in which the interval is divided 
into five partitions (200mm'5-40mm = 5 partitions) in Fig. 1. 
In this case, the length of the portion having less number of 
deposited layers is 4 0mmx2 partitions = 80mm. In order to further 
enhance the dispersion effect, the turn-back location is 
dispersed at an interval of 20mm. The burner interval of 200inm 
is divided into 10 partitions (200mm-5-20mm = 10 partitions), 
whereby the length of the portion having less number of deposited 
layers is 20mmx2 partitions = 40inm. With the conventional 
technique in which the movement distance in one direction every 
time is almost equal to the burner interval, the number of 
deposited layers is less sufficient over the total interval 
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of 200mm, whereas with this method, the length of the portion 
having less number of deposited layers is only 40mm. The effect 
of decreasing the length of the portion having less number of 
deposited layers is increased as the burner interval is longer. 

Further, in the first movement form, there is the effect 
of reducing the number of deposited layers formed through one 
set of a series of reciprocating movements to disperse the 
turn-back location of reciprocating movement over the total 
length of the glass particle deposited body. That is, with the 
conventional technique of Fig. 8, 20 layers of glass particles 
are deposited on the effective portion through one set of 
reciprocating movements, whereas with the method of the 
invention of Fig. 1, eight layers are only deposited. 

With the method of Fig. 1, the number of deposited layers 
is always 8 layers in the effective portion through one set 
of reciprocating movements. On the contrary, with the 
conventional manufacturing method, if the movement distance 
of the turn-back location is shorter to enhance the dispersion 
effect, or if the burner interval is longer, the number of 
deposited layers in the effective portion is increased for one 
set. For example, the number of deposited layers is increased 
such as 20 layers for five partitions, 24 layers for six 
partitions, or 28 layers for seven partitions. 

In the conventional technique in which the average 
reciprocating movement distance is double the burner interval 
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and the first movement form, there is a point of time for every 
half set at which the dispersion of the turn-back location and 
the number of deposited layers in the effective portion are 
uniform, whereby the glass particle deposition process is 
preferably ended at this point of time. A difference in the 
number of deposited layers (=depositedglass weight) as compared 
with the conventional technique (number of deposited layers 
in the first movement form -s- number of deposited layers in the 
conventional technique) is 2/5 for 5 partitions, 1/3 for 6 
partitions, or 2/7 for 7 partitions. In the first movement form, 
even if the n\amber of dispersing the turn-back location is 
increased to stabilize the outer diameter, the deposition amount 
of glass particles is adjusted finely. 

Fig. 2 shows one example of a situation where the relative 
position between the starting rod and the burner is changed 
with the elapse of time in the second movement form. To facilitate 
a comparison with Fig. 8 showing the conventional technique, 
Fig. 2 shows a portion of the outside burner locatedmost outwards 
and the second burner 3 in the row of burners in the example 
of dividing the burner interval into 5 partitions (the outside 
burner on the opposite side and its inner burner are in the 
same situation) . The numerical value on the right side in Fig. 
2 indicates the nijmber of deposited layers of glass particles 
formed on the starting rod 1 through a series of reciprocating 
movements (one set of reciprocating movements) until the 
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turn-back location is returned to the start position. 

In the example of Fig. 2, the turn-back location of 
reciprocating movement is moved by a distance of two partitions 
in one direction, then returned by a distance of one partition, 
and then moved by a distance of the burner interval plus one 
partition in the former half part of one set of reciprocating 
movements, and returned to the initial relative position in 
the next movement. The turn-back location of reciprocating 
movement is moved by a distance of one partition every time 
to a predetermined position far from the initial position of 
the reciprocating movement by a distance of the burner interval 
plus one partition. In this case, the number of deposited layers 
is 2, 4, 4, 4, 4 ... as indicated on the right side of Fig. 
2, and the portion having less number of deposited layers in 
the effective portion takes place in only one partition within 
the burner interval at the end portion of the glass particle 
deposited body. 

In the case of this turn-back method, to further enhance 
the dispersion effect, like the first movement form, even if 
the number of part it ions within the burner interval is increased, 
the portion having less number of deposited layers exists in 
only one partition located at the end portion of the parent 
material. That is, if the number of divisions is increased, 
the length of the portion having less number of deposited layers 
is further shorter. 
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For example, for a burner interval of 200rMn, the turn-back 
location is moved by every 40nan, which corresponds to five 
partitions as the number of dividing the interval in Fig. 2 
(200im-i-40iMn = 5 partitions) . In this case, the length of the 
portion having less number of deposited layers is 40ininxl 
partition = 40inm. In order to further enhance the dispersion 
effect, if the turn-back location is dispersed at an interval 
of 20inm, the burner interval of 200inm is divided into 10 
partitions (200inm*20inm = 10 partitions), whereby the length 
of the portion having less number of deposited layers is 20nimxl 
partition = 20iDm. 

Moreover, in the second movement form as shown in Fig. 
2, like the first embodiment, even if the number of dispersing 
the turn-back location is increased, the number of deposited 
layers in the effective portion that is deposited through one 
set is not increased but always remains four layers, whereby 
the deposition amount of glass particles is adjusted finely 
as in the first embodiment. 

Fig. 3 shows one example of a situation where the relative 
position between the starting rod and the burner is changed 
with the elapse of time in the third movement form. To facilitate 
a comparison with Fig. 8 showing an example of the conventional 
technique. Fig. 3 shows a portion of the outside burner located 
most outwards and the second burner 3 in the row of burners, 
in which the burner interval is divided into five partitions 
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(the outside burner on the opposite side and its inner burner 
are in the same situation) . The nianierical value on the right 
side in Fig. 3 indicates the nuinber of deposited layers of glass 
particles formed on the starting rod 1 through a series of 
reciprocating movements (one set of reciprocating movements) 
until the turn-back location is returned to the start position. 

In the example of Fig. 3, the turn>-back location is moved 
to a position one partition farther away from the burner interval 
in the first movement o f one set and turned back by two part i t ions , 
then moved by one partition, and returned by two partitions. 
By repeating this operation, the turn-back location is returned 
to the initial relative position. In the first movement, each 
burner is moved to the predetermined position and turned back. 
Thereafter, the turn-back location of reciprocating movement 
is moved one partition every time in the direction to the initial 
position of each burner. In this case, the number of deposited 
layers is 2, 4, 4, 4, 4 ... as indicated on the right side of 
Fig. 3, and the portion having less nxxmber of deposited layers 
in the effective portion takes place in only one partition within 
the burner interval at the end portion of the glass particle 
deposited body. 

In the case of this turn-back method, to further enhance 
the dispersion effect, like the first and second movement forms, 
even if the number of partitions within the burner interval 
is increased, the portion having less number of deposited layers 
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exists in only one partition located at the end portion of the 
glass particle deposited body. That is^ if the number of 
divisions is increased, the length of the portion having less 
nimber of deposited layers is further shorter • 

In the third movement form as shown in Fig. 3, like the 
first and second movement forms, even if the number of dispersing 
the turn-back location is increased, the number of deposited 
layers in the effective portion that is deposited through one 
set is not increased but always remains four layers, whereby 
the deposition amount of glass particles is adjusted finely 
as in the first and second embodiments. 

Figs- 4(a) and 4(b) show the examples of a situation where 
the relative position between the starting rod and the burner 
is changed with the elapse of time in the fourth movement form. 
To .facilitate a comparison with Fig. 8 showing an example of 
the conventional technique. Fig. 4 shows a portion of the outside 
burner 2 located most outwards and the second burner 3 in the 
row of burners, in which the burner interval is divided into 
five partitions (the outside burner on the opposite side and 
its inner burner are in the same situation) . The numerical value 
on the right side in Fig. 4 indicates the nvimber of deposited 
layers of glass particles formed on the starting rod 1 through 
a series of reciprocating movements (one set of reciprocating 
movements) until the turn-back location is returned to the start 
position. 
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In an example of Fig. 4(a), the turn-back location is 
moved to a position far from the initial position of the 
reciprocating movement by a distance of two partitions in one 
direction and returned one partition in the former half part 
of one set of reciprocating movements, which operation is 
repeated twice. Thereafter, the turn-back location is moved 
by a distance of four partitions, so that the turn-back location 
of reciprocating movement is moved by a distance of the burner 
interval plus one partition far from the initial position. In 
the latter half part, the reciprocating movement with the 
homeward path of a distance of two partitions and the outward 
path of a distance of one partition is repeated twice, and 
returned to a position by a distance of four partitions in the 
next movement back to the initial relative position. The movement 
distance of the turn-back location of reciprocating movement 
includes such as one partition, three partitions, one partition, 
and three partitions in one set. The order in the movement 
is not this order. In this case, the number of deposited layers 
is 2, 4, 4, 4, 4 ... as indicated on the right side of Fig. 
4, and the portion having less number of deposited layers in 
the effective portion takes place in only one partition within 
the burner interval at the end portion of the glass particle 
deposited body. An example of Fig. 4 (b) is the same in the state 
of forming the deposited layers as the example of Fig. 4(a), 
except that the pattern for changing the movement distance of 
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the turn-back location is different. 

In the case of this turn-back method^ to further enhance 
the dispersion effect, like the first to third movement forms, 
even if the number of partitions within the burner interval 
is increased, the portion having less n\jmber of deposited layers 
exists in only one partition located at the end portion of the 
glass particle deposited body. That is, if the number of 
divisions is increased, the length of the portion having less 
number of deposited layers is further shorter. 

In the fourth movement form as shown in Fig. 4, like the 
first to third movement forms, even if the number of dispersing 
the turn-back location is increased, the number of deposited 
layers in the effective portion that is deposited through one 
set is not increased but always remains four layers, whereby 
the deposition amount of glass particles is adjusted finely 
as in the first to third embodiments. 

In the method of the invention, the average movement 
distance of the turn-back location of reciprocating movement 
each time in one set is preferably the length of about one- (m+1) th 
(m is a natural number) the burner interval. In this manner, 
one set of reciprocating movements is ended at the initial 
position of reciprocating movement, and the length of the taper 
portion is shortest. If the movement distance each time is 
greatly out of the length of about one- (m+1) th (m is a natural 
number) the burner interval, the number of deposited layers 
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is unpreferably changed in an overlapping portion with the 
adjacent burner. Herein, about one-(m+l)th (m is a natural 
number) the burner interval means one- (m+1) th (m is a natural 
number) the ^^burner interval ± burner thickness". 

The movement distance of the turn-back location of 
reciprocating movement is preferably within a range from 5 to 
60mm, and more preferably within a range from 5 to 40mm. If 
the movement interval of the turn-back location of the burner 
is less than Smm, the variation in the outer diameter occurs, 
before the dispersion effect of the turn-back location appears. 
Beyond 60mm, the dispersion effect of the turn-back location 
is reduced. 

Moreover, to reduce the variation in the outer diameter, 
the glass particle deposition process is desirably ended at 
a point of time when the number of deposited layers and the 
dispersion density of the turn-back location in one set are 
uniform in which the greatest dispersion effect is possibly 
attained. This optimal deposition end time exists twice in one 
set in the conventional technique and the first deposition form, 
or once in the second to fourth movement forms. That is, the 
end time of glass particle deposition is desirably the point 
of time when the number of deposited layers in the effective 
portion and the dispersion of the turn-back location are uniform, 
which exists twice in one set in the first movement form, or 
desirably the point of time when the integral number of sets 
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of reciprocating movements are ended in the second to fourth 
movement forms. Assuming that the weight of glass particles 
deposited from this optimal end time to the next optimal end 
time is Mkg, the weight of the glass particle deposited body 
at the time when the deposition of glass particles is ended 
is adjusted only by every Mkg. With the method of the invention, 
the number of layers of glass particles deposited from the time 
when the number of deposited layers in the effective portion 
and the dispersion of the turn-back location are uniform to 
the next time when the number of deposited layers in the effective 
portion and the dispersion of the turn-back location are uniform 
at the next time is smaller than conventionally. Accordingly, 
the weight of the glass particle deposited body is reduced, 
and the deposition amount of glass particles is adjusted finely. 
Thereby, the glass particle deposited body having a desired 
weight is obtained. 

On the other hand, with the conventional manufacturing 
method, to enhance the dispersion effect, if the movement 
distance of the turn-back location is shorter, the number of 
deposited layers of glass particles required to disperse the 
turn-back location over the total length of the glass particle 
deposited body is increased. As the number of deposited layers 
is greater at the optimal end time, it is more difficult to 
reduce the weight M, and produce the glass particle deposited 
body having desired weight. 
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Moreover, the reciprocating movement speed to achieve 
the target deposition amount of glass particles at the deposition 
end time of glass particles is decided from the relationship 
between the reciprocating movement speed and the weight of glass 
particles deposited till the deposition end of glass particles . 
mien the glass particles are deposited at that speed, the target 
deposition amount is achieved at the deposition end time of 
glass particles, whereby the deposition amount of glass 
particles is controlled more effectively. 

This invention is not limited to the above embodiments. 
In the description of the above embodiments, the outward path 
is from up to down, but may be reversely directed - 

Further, the glass particle synthesizing burner does not 
necessarily produce the glass particles through the chemical 
reaction of a glass source gas in a flame. Persistently, it 
is employed as a generic name of a mechanism for supplying the 
glass particles to the starting rod, and having a depositing 
and bonding function. 

The glass particle deposited body produced by the above 
method is heated and sintered by well-known methods, and 
vitrified to produce the glass parent material- The obtained 
glass parent material is employed as a light propagating 
component, for example. 

(Examples) 



34 



04-10-15; 4:46PM;NGB 



;81355613954 



# 49/ 69 



The method of the invention will be further described 
in more detail by way of example, but the invention is not limited 
to those examples. 

(Comparative example 1) 

Employing a longitudinal glass particle depositing device 
in which one row of four burners are arranged at an interval 
of 200mm to be opposed to a starting rod, the starting rod was 
reciprocated vertically to deposit the glass particles. The 
starting rod had a diameter of 36mm, and the reciprocating 
movement was made in a pattern as shown in Fig. 8. The starting 
rod was moved 200mm downward, and then 180mm upward, so that 
the turn-back location of reciprocating movement was moved by 
every 20mro downward. After the turn-back location was moved 
downward by an amount of burner interval, the downward movement 
distance was kept at 200nim, and the upward movement distance 
was 220inm, so that the turn-back location was moved upward by 
every 20mm, until it was returned to the initial position, which 
operation was defined as one set. The glass particles were 
deposited by repeating forty sets of operation. 

The produced glass particle deposited body for optical 
fiber had a total length of llOOmm, and an outer diameter of 
240mm. The effective portion (having a constant outer diameter 
with a core) had a length of 500mm, and the taper portion formed 
at either end portion had a length of 300mm. Principally, the 
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taper portion at either end portion has a length of 200iTim, but 
practically, glass particles will f low outwards along the taper ^ 
so that the taper portion is also formed inside (50mm at either 
end portion in this case) of the effective portion (600inm) . 

(Example 1) 

Employing the same starting rod and the same glass particle 
depositing device as employed in the comparative example 1, 
the reciprocating movement was made in a pattern as shown in 
Fig, 1. The starting rod 1 was moved 4 Oram downward, and then 
20mm upward, so that the turn-back location of reciprocating 
movement was moved by every 20mm downward. After the turn-back 
location was moved downward by an amount of burner interval, 
the downward movement distance was kept at 40mm, and the upward 
movement distance was made 60mm, whereby the turn-back location 
was moved upward by every 20mm, until it was returned to the 
initial position, which operation was defined as one set. The 
glass particles were deposited by repeating 200 sets under the 
same conditions as in the comparative example 1. The produced 
glass particle deposited body had a total length of 900mm, and 
an outer diameter of 240mm. The effective portion had a length 
of SOOmm, and the taper portion at either end portion had a 
length of •200mm, Though the length of the effective portion 
was unchanged as compared with the comparative example 1, the 
length of the ineffective portion (taper portion) was shorter 
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by lOOmni at either end portion. 
(Example 2) 

The glass particles were deposited with a burner interval 
of 260inm under the same conditions as in the example 1, so that 
the glass particle deposited body having the roughly same length 
as in the comparative example 1 was produced. In the same manner 
as in the example 1/ the starting rod 1 was moved 40mm downward, 
and then 20mm upward, so that the turn-back location of 
reciprocating movement was moved by every 20mm downward. After 
the turn-back location was moved downward by an amount of burner 
interval, the downward movement distance was kept at 40mm, and 
the upward movement distance was made eomm, so that the turn-back 
location was moved upward by every 20iom, until it was returned 
to the initial position, which operation was defined as one 
set. The glass particles were deposited by repeating 200 sets. 
The produced glass particle deposited body had a total length 
of 1140mm, the taper portion at either end portion had a length 
of 200mm, and the effective portion had a length of 740mm. If 
the burner interval is adjusted to produce the glass particle 
deposited body having the same length with the same number of 
burners, the method of the invention allows the length of the 
effective portion to be longer. 

(Example 3) 
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The movement distance of the turn-back location is Amm, 
and the reciprocating movement with the outward path (B+l)xA 
and the homeward path BxA is repeated. After the turn-back 
location is moved by an amount of burner interval, the outward 
path is kept at (B+l)xA, but the homeward path is made {B+2)xA. 
The turn-back location is moved in the reverse direction/ until 
the turn-back location is returned to the initial position. 
A series of reciprocating movements is defined as one set. The 
glass particles are deposited by repeating one set of operation . 
At this time, the average reciprocating movement D is D = 
2x(B+l)xAmm (B=l, 2,2, ...), The glass particle deposited body 
having an outer diameter of 240mm is fabricated under the same 
conditions (burner interval, starting rod diameter, etc.) as 
in the example 1 as well as A=20mm. At this time, the relationship 
between the change of B and the length of the ineffective portion 
is as follows. That is, the average reciprocating movement D 
is 80, 120, 160, 200, 240, 280, 320, 360 or 400mm and the length 
of the ineffective portion is 200, 202, 207, 205, 210, 238, 
262, 278 or 300rom, when B is 1, 2, 3, 4, 5, 6, 7, 8 or 9. This 
situation is shown in Fig. 5. 

Herein, B=9 and D=400 is the same case as with the 
conventional technique. At this point, the length of the 
ineffective portion is shortest in the conventional technique. 
In the range from B = 1 to 8 that is smaller than B=9, the 
ineffective portion shorter than the shortest length of the 
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ineffective portion in the conventional technique was realized. 
Further, it is converged to more or less 200nini for D^240. 

(Example 4) 

The movement distance of the turn-back location is Amm, 
and the reciprocating movement with the outward path (B+l)xA 
and the homeward path BxA is repeated. The turn-back location 
is moved to a position far from the initial position by a distance 
of the burner interval minus A. Thereafter, the burner is 
returned to the initial position in the next movement. This 
series of reciprocating movements is defined as one set. The 
glass particles are deposited by repeating one set of operation . 
At this time, the average reciprocating movement D is D = 
2x(B+l)xAmm (B=l, 2, 3, ...). The glass particle deposited body 
having a parent material outer diameter of 240mm is fabricated 
under the same conditions (burner interval, starting rod 
diameter, etc.) as in the example 1 as well as A=20mm. At this 
time, the relationship between the change of B and the length 
of the ineffective portion is as follows. That is, the average 
reciprocating movement D is 80, 120, 160, 200, 240, 280, 320, 
360 or 400mm, and the length of the ineffective portion is 195, 
199, 202, 206, 207, 223, 245, 260 or 280mm, when B is 1, 2, 
3, 4, 5, 6, 7, 8 or 9. This situation is shown in Fig. 6. 

The effect of reducing the ineffective portion is greater 
than in the example 3, because the principal taper length is 
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shorter by Amm for the same average movement distance. Further^ 
it is converged to more or less 200mm for D:S240. 

In the method of the invention, the average reciprocating 
movement distance in one set is less than double the burner 
interval, and the turn-back location is moved every time of 
reciprocating movement, whereby the movement distance on the 
outward and homeward paths is not integral multiple of the burner 
interval in one set of reciprocating movements. 

The method of the invention has the following advantages 
over the conventional technique* 

First of all, in the case where the turn-back point is 
dispersed at an equal interval over the entire length of the 
glass particle deposited body according to the invention and 
the conventional technique, the total number of deposited layers 
on the stationary portion in the oscillatory reciprocating 
movement of one set is always smaller in the invention than 
the conventional -technique. That is, the target weight is 
achieved at the higher precision. Further, the length of the 
ineffective portion formed at either end of the glass particle 
deposited body is always shorter in this invention. That is, 
the deposition efficiency is improved* Moreover, though the 
ineffective portion at either endof the glass particle deposited 
body is longer in proportion to the burner interval in the 
conventional technique, the length of the ineffective portion 
can be minimized irrespective of the distance of burner interval 

40 



04-10-15; 4:46PM;NGB 



:81355613954 



# 55/ 69 



in the optimal embodiment of the invention. In other words / 
even if the burner interval is longer, and the glass particle 
deposited body is larger, the length of the ineffective portion 
can be minimized. 

<Indu$trial Applicability> 

With this invention, the taper portion formed at the end 
portion of the glass particle deposited body is reduced without 
increasing the number of burners. Further, the weight of the 
glass particle deposited body is easily adjusted. 
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[Figs, 1, 2, 3, 4, 8] 
1: Starting rod 
2; Outside burner 
3: Second burner 
A: Burner interval 

B: Relative position change over time 
C: Number of deposited layers 

[Figs. 5, 6] 

A: Length of ineffective portion 

B: Average reciprocating movement distance 

[Fig. 7] 

1: Starting rod 
4 : Container 
5: Exhaust port 

6: Glass particle deposited body 

7: Burner 

8! Taper portion 

A: Exhaust gas 



